Electrooptic measurements were performed on a lamellar nematic phase in which the mesogenic moieties lie in lamellae that are separated by partially perfluorinated side groups. The twist elastic constant K 22 and the quadratic and quartic anchoring strength coefficients are reported. K 22 is found to be considerably smaller than that of typical three-dimensional nematics, a consequence of the greatly weakened interactions between the spatially separated lamellae.
Self-organization of simple organic components into more complex structures is one of the most scientifically exciting and technologically promising fields of research today [1, 2] . One dimensional structures such as fibers, two dimensional (2D) structures such as membranes, and three dimensional (3D) structures such as columnar phases may be created from simpler structural units. Very recently Tschierske, et • C -3D isotropic, where X is an undetermined mesophase. Synthesis details will be reported elsewhere [8] . Figure 2 shows a schematic representation of the three phases, which come about because the molecule contains three incompatible moieties: a rigid aromatic core, two polar diol groups that interact via cooperative hydrogen bonding, and a partially perfluorinated pendant chain R. The perfluorinated chain has the effect of separating the lamellae, facilitating quasi-two-dimensional versions of the three traditional liquid crystalline phases. Although a quasi-2D smectic-A phase has been observed in self-assembled DNA -cationic liposome mixtures, wherein the DNA double helices lie flat between the lipid membranes [9, 10] , such a system exhibits neither a Lam-I nor Lam-N phase, nor the associated phase transitions. Because of the multiple phases exhibited by 1, we now have the opportunity to examine a host of exciting scientific questions dealing with quasi-2D and 3D-to-2D crossover behavior in liquid crystals. In this paper we report on electrooptic measurements in the Lam-N phase of 1 that allow us to extract the twist elastic constant K 22 associated with a distortion perpendicular to the lamellae, as well as the azimuthal anchoring properties at the two substrates. Our central result is that both of these quantities are smaller than values found in typical 3D nematics. In particular, K 22 is fully an order of magnitude smaller than bulk 3D values, a result associated with the greatly weakened interactions between lamellae.
The cell was prepared using one semi-transparent indium-tin-oxide (ITO) coated glass slide and one uncoated microscope slide. In order to facilitate the application of an in-plane electric field, a strip of ITO of width w = 375 µm was etched from the first slide using a mixture of 2.5% by volume nitric acid, 47.5% hydrochloric acid, and 50% water. After cleaning, the etched slide was cemented to the hot stage of a temperature-controlled oven. Two 12.5
µm thick strips of Mylar were placed along opposite edges of the slide to serve as spacers.
The oven was heated to a temperature of 150 • C and liquid crystal was placed on the slide.
After the liquid crystal melted to the Lam-I phase, the second slide, which was attached to a micro-translator, was pressed against the liquid crystal and Mylar spacers. The cell was secured by a metal piece fastened across the top glass slide. The oven containing the sample was placed on the rotatable stage of a polarizing microscope and observed under crossed polarizers. The sample was heated to 170
• C, corresponding to the 3D isotropic phase of the liquid crystal, and subsequently was sheared at an angle of 60
• with respect to the axis of the etched strip by translating the top slide (attached to the micro-translator). The sample was cooled to the Lam-I phase and sheared repeatedly until good alignment, with lamellae parallel to the substrates, was observed using a polarizing microscope. Thereafter, the sample was cooled to 138
• C, corresponding to the Lam-N phase, and good alignment was maintained.
We believe the alignment is due to a surface memory effect [11] , in essence adsorption of the mesogenic moiety at the surface. In the Lam-N phase the director b n of the mesogenic moiety lies in the lamellae parallel to the shear direction. A voltage V was applied to the cell, causing a rotational torque on the director. If the anchoring strength were infinite, the azimuthal director orientation ϕ (z) would be maximum in the center of the cell and zero at the two surfaces. Assuming the Mauguin (optical adiabatic) limit, the polarization of light entering the cell parallel to the shear direction would follow the director orientation ϕ (z) through the cell, and emerge from the cell with outgoing polarization parallel to the incoming polarization [12] ; no light would pass through the analyzer. For finite anchoring strength, however, the azimuthal rotation ϕ s at the surface is nonzero, and the incoming polarization splits into ordinary and extraordinary components. and E = 2V/πw is the electric field at the center of the gap between the electrodes [14] .
Wavevector q is given approximately by π/(d + 2L), where d ∼ 12.5 µm is the cell thickness and L is the "extrapolation length" K 22 /W . On turning off the field, the relaxation time corresponds to τ of f = η/2K 22 q 2 , and the ratio τ on /τ of f = K 22 q 2 / (∆χE 2 + K 22 q 2 ), thereby eliminating η.
A step increase from 0 to 1.67 statv cm −1 ( 5 × 10 4 V m −1 ) rms of a 1 kHz sinusoidal electric field was applied to the sample, and a video that captured the response of the liquid crystal to the electric field was recorded at 20 frames per second. Assuming L ¿ d -this approximation later will be shown to be valid -we find τ on = (400 ± 50) ms. On switching off the field, τ of f is found to be (800 ± 50) ms, and thus τ on /τ of f ≈ 0.5. We now need to determine ∆χ to extract K 22 . This is problematical, as both the imperfect alignment and the existence of the side group prevent an accurate experimental determination of ∆χ.
Moreover, the mesogenic unit (without the side group) forms a 3D smectic-A phase only at very high temperatures, where conductivity becomes a problem. Thus we shall attempt to estimate ∆χ. Utilizing the GAMESS [15] generalized atomic and molecular electronic structure system program, we calculated the dipole moment in vacuum using the restricted Hartree-Fock approximation and the 631G* basis set the for dipole moment of a low energy conformer of the mesogen with a shortened R group (R=OCH 3 .) We found dipole moments Although this is a rather wide range for K 22 , these values are, if anything, an overestimate.
Most importantly, they are considerably smaller than those found in typical 3D nematicsby about an order of magnitude [12] . Applying the Euler-Lagrange equation we obtain [16] and W 4 is the quartic coefficient [17] . Assuming that dϕ/dz = 0 in the center of the cell where ϕ ≡ ϕ m at z = d/2, and applying torque balance at the surface where ϕ = ϕ s at z = 0, we obtain after some manipulation [18] 
where
and where the electrical coherence length ξ ≡ q K 22 /∆χE 2 . ϕ s is calculated implicitly by substituting ϕ m from Eq. 2 into Eq. 1.
Fixing K 22 = 4× 10 −8 dyn, we performed a two parameter fit of Eqs. 1 and 2 to the data in Fig. 3 ,
The anchoring coefficient W 2 is a bit smaller than that of, but is not especially unusual for, a 3D nematic [19, 20] . Anchoring strength coefficients measured at different laboratories and using different methodologies may differ by as much as two orders of magnitude [20] .
More interesting is the large negative value of W 4 when compared to W 2 . Using only the simple quadratic form for F a , i.e., fixing W 4 = 0, we found that the quality of the fit is rather poor, as the calculated angle ϕ s saturates at too low a field. Thus, it was necessary to introduce a negative quartic coefficient, which has the effect of "softening" the anchoring at larger azimuthal rotations. A negative fourth order coefficient has been observed in the polar anchoring energy for other liquid crystals [21, 22] . In this case its large magnitude relative to W 2 would indicate that the shear alignment may cause anchoring by a surface memory effect [11] , but that this effect is quite weak for large distortions. Finally, we note that the extrapolation length L ∼ 0.3 µm, which indeed is much smaller than d. Thus our neglect of L in the dynamic measurement was valid.
As a check on the foregoing results we also performed a Fréedericksz transition measurement. For this experiment, a new cell was prepared with an electrode spacing w = 500
µm, and the cell was sheared parallel to the edges of the electrodes; thus b n ⊥ − → E . A well aligned region was located midway between the electrodes, and a mask was placed over the sample so that light would pass through this region only. Light from He-Ne laser passed through a light chopper, a polarizer oriented at 22.5
• with respect to − → E , a focusing lens, the sample, an analyzer, and into a detector. The detector output was fed to a lock-in amplifier referenced to the chopper frequency. A sinusoidal voltage at 713 Hz was applied to the the sample and the amplitude was ramped slowly from 0 to 1 statv (300 V) rms.
The detector output was recorded and is shown in Fig. 4 The most interesting observation is the smallness of K 22 , which is about one order of magnitude smaller than typical 3D values for the twist elastic constant [12] . We would expect the splay and bend elastic constants to be at least as large as 8k B T/πb, where the distance b between lamellae is at least 2.7 nm [7] and k B T is the thermal energy. Such a bound would be required by the Kosterlitz-Thouless condition [23, 24] for non-interacting two dimensional nematics, which is unchanged by π rotations. This inequality can be violated in a three-dimensional system only if it is weakly ordered, in which case the elastic constant is expected to be ∼ k B T/ξ N where ξ N is the correlation length of the nematic order parameter. But our Lam-N phase is strongly ordered: The birefrigence is observed to be at most weakly temperature-dependent, even in the Lam-A phase. We therefore conclude that the inter-lamellar orientational interactions are very much smaller than the intra-lamellar orientational interactions. This is analogous to what happens in some smectic-C phases, particularly those that also have anticlinic phases [25] . It is reasonable to expect that the long side groups convey little information concerning the orientation of each layer from one layer to the next. It follows that the twist elastic constant K 22 results largely from the relatively long-range dispersive interactions between layers, or from the different energies associated with fluctuations in which these layers undulate. These will be treated in detail elsewhere. Nevertheless, their contributions to the elastic constants decrease with increasing lamellar separation, which is moderately large in this case. Moreover, they are a fraction of the contribution to the elastic constants even in ordinary liquid crystals [26] . 
